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^ (54) Title: ORIENTED POLYMERIC FILM COMPRISING AT LEAST ONE COPOLYETHERESTER 
I 

(57) Abstract: An oriented polymeric film comprising one or more copolyetherester(s) wherein the film is oriented in at least one 
Q direction; and a waterproof moisture vapour permeable fabric comprising a substrate, for instance a woven or knit material compris- 
^ ing polyester or nylon, the oriented polymeric film, and optionally an adhesive or primer layer or coating between the substrate and 
^ the copolyetherester-containing oriented film. 
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The stretched film may be, and preferably is, dimensionally stabilised by heat-setting under 
dimensional restraint at a temperature above the glass transition temperature of the 
polymer but below the melting temperature thereof, to induce crystallisation. In 
5 applications where film shrinkage is not of significant concern, the film may be heat set at 
relatively low temperatures or not at all. On the other hand, as the temperature at which 
the film is heat set is increased, the tear resistance of the film may change. Thus, the actual 
heat set temperature and time will vary depending on the composition of the film and its 
intended application but preferably should not be selected so as to substantially degrade the 
10 tear resistant properties of the film. Within these constraints, a heat set temperature of 
about 135° to 205°C is generally desirable. 

According to a further aspect of the invention, there is provided a process for the 
preparation of an oriented film comprising one or more copolyetherester(s), said process 
15 preferably comprising the steps of extruding the copolyetherester(s), quenching the 
extrudate, stretching the quenched extrudate and optionally heat-setting the oriented film. 

The film contains preferably at least 50 weight percent, more preferably at least 65 weight 
percent, more preferably at least 80 weight percent, more preferably at least 90 weight 
20 percent, and even more preferably at least 99 weight percent of the copolyetherester(s). 
The copolyetherester(s) are generally hydrophilic, as described in more detail below. 

The viscosity of the copolyetheresters is preferably less than about 3000 Pa.s and 
preferably at least 20 Pa.s, measured according to the standard ISOH443. Preferably, the 

25 viscosity is in the range from about 20 to about 2000 Pa.s, more preferably from about 40 
to about 1000 Pa.s, and more preferably from about 50 to about 700 Pa.s, measured 
according to the standard ISO 11443. The viscosity in Pa.s is measured according to the 
standard ISO 11443 as a function of shear rate in sec' 1 and temperature. The temperatures 
used in the measurement of viscosity are from a minimum of just above the melting (or 

30 softening) point of the polymer (typically from about 200 to about 210°C) up to a 
maximum of just above the temperatures (typically from about 230 to about 260°C, 
particularly from about 240 to about 250°C) used in the processing methods (for example, 
coextrusion, injection moulding and lamination) of thermoplastic materials. The 
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-ill The poly(alkylene oxide)glycols used to make the copolyetheresters should preferably 
contain ethylene oxide groups in amounts that result in a copolyetherester having from 
about 20 to about 68, preferably from about 25 to about 68, more preferably from about 30 
to about 55, weight percent ethylene oxide groups, based on the total weight of the 
5 copolyetherester. The ethylene oxide groups cause the polymer to have the characteristic of 
being readily permeable to moisture vapour and, generally, the higher the percentage of 
ethylene oxide in the copolyetherester, the higher degree of water permeability. Random or 
block copolymers of ethylene oxide containing minor portions of a second poly(alkylene 
oxide)glycol can be used. Generally, if a second monomer is present, the second monomer 

10 will constitute less than about 30 mol percent of the poly(alkylene oxide)glycols, and 
usually less than about 20 mol percent. Representative long-chain glycols include 
poly(ethylene oxide)glycol, ethylene-oxide capped polypropylene oxide glycol, mixtures 
of poly(ethylene oxide)glycol with other glycols such as ethylene oxide capped 
polypropylene oxide)glycols and/or poly(tetramethylene oxide)glycol provided the 

15 resulting copolyetherester has an amount of ethylene oxide groups of at least about 25 
weight percent. Copolyetheresters prepared from poly(ethylene oxide)glycols having a 
molecular weight of from about 600 to 1500 are preferred because they provide a 
combination of superior moisture vapour permeability and limited water swell and, when 
formed into a film, they exhibit useful properties over a wide temperature range. 

20 

The term "short-chain ester units" as applied to units in a polymer chain of the 
copolyetheresters refers to low molecular weight compounds or polymer chain units 
having molecular weights less than about 550. They are made by reacting a low molecular 
weight diol or a mixture of diols (MW below about 250) with a dicarboxylic acid to form 
25 ester units represented by Formula (II) above. 

Included among the low molecular weight diols which react to form short-chain ester units 
suitable for use for preparing copolyetheresters are acyclic, alicyclic and aromatic 
dihydroxy compounds. Preferred compounds are diols with 2-15 carbon atoms such as 
30 ethylene, propylene, isobutylene, tetramethylene, 1 ,4-pentamethylene, 2,2- 

dimethyltrimethylene, hexamethylene and decamethylene glycols, dihydroxycyclohexane, 
cyclohexane dimethanol, resorcinol, hydroquinone, 1,5-dihydroxynaphthalene, etc. 
Especially preferred diols are aliphatic diols containing 2-8 carbon atoms, most especially 
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Preferably, the copolyetherester elastomers are prepared from esters or mixtures of esters 
of terephthalic acid and isophthalic acid, 1 ,4-butanediol and poly(tetramethylene 
ether)glycol or ethylene oxide-capped polypropylene oxide glycol, or are prepared from 
esters of terephthalic acid, e.g. dimethylterephthalate, 1 ,4-butanediol and poly( ethylene 
5 oxide)glycol. More preferably, the copolyetherester elastomers are prepared from esters of 
terephthalic acid, e.g. dimethylterephthalate, 1 ,4-butanediol and poly(ethylene 
oxide)glycol. 

The dicarboxylic acids or their derivatives and the polymeric glycol are incorporated into 

10 the final product in the same molar proportions as are present in the reaction mixture. The 
amount of low molecular weight diol actually incorporated corresponds to the difference 
between the moles of diacid and polymeric glycol present in the reaction mixture. When 
mixtures of low molecular weight diols are employed, the amounts of each diol 
incorporated is largely a function of the amounts of the diols present, their boiling points, 

15 and relative reactivities. The total amount of glycol incorporated is still the difference 
between moles of diacid and polymeric glycol. The copolyetherester elastomers described 
herein can be made conveniently by a conventional ester interchange reaction. A preferred 
procedure involves heating the ester of an aromatic acid, e.g., dimethyl ester of terephthalic 
acid, with the poly(alkylene oxide)glycol and a molar excess of the low molecular weight 

20 diol, 1,4-butanediol, in the presence of a catalyst at 150°-160°C, followed by distilling off 
methanol formed by the interchange reaction. Heating is continued until methanol 
evolution is complete. Depending on temperature, catalyst and glycol excess, this 
polymerization is complete within a few minutes to a few hours. This product results in 
the preparation of a low molecular weight prepolymer which can be carried to a high 

25 molecular weight copolyetherester by the procedure described below. Such prepolymers 
can also be prepared by a number of alternate esterification or ester interchange processes; 
for example, the long-chain glycol can be reacted with a high or low molecular weight 
short-chain ester homopolymer or copolymer in the presence of catalyst until 
randomization occurs. The short-chain ester homopolymer or copolymer can be prepared 

30 by ester interchange from either the dimethyl esters and low molecular weight diols as 
above, or from the free acids with the diol acetates. Alternatively, the short-chain ester 
copolymer can be prepared by direct esterification from appropriate acids, anhydrides or 
acid chlorides, for example, with diols or by other processes such as reaction of the acids 
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Example 1 



The copolyetherester was extruded through a film-forming die onto a water-cooled rotating 
quenching drum to yield a cast extrudate. The cast extrudate was heated to a temperature of 
about 40°C and then stretched longitudinally at a forward draw ratio of 3.0:1. The sheet 
5 was passed into a stenter oven, where the sheet was heated to about 80°C and stretched in 
the sideways direction to approximately 3.0 times its original dimensions. The biaxally 
stretched sheet was heat-set at a temperature of 160°C. The final thickness of the sheet was 
13|im. The sheet was analysed as described herein and demonstrates the following 
properties: 

10 MVTR: 3676g/m 2 /day 
Hydrohead: > 1000 cm 

Tensile strength at break: 1 .4 daN (MD) 



Example 2 

20 The procedure of Example 1 was repeated except that the film was heated to a temperature 
of 60°C in the forward draw. 



The procedure of Example 1 was repeated except that the forward draw ratio was 1 and the 
25 sideways draw ratio was between 3 and 4.2. 

Example 4 

The procedure of Example 1 was repeated except that the forward draw ratio was 2.5 and 
the sideways draw ratio was between 2.5 and 3. 

30 

Example 5 

The procedure of Example 1 was repeated except that the forward draw ratio was 2.5, the 
sideways draw ratio was between 2.5 and 3, and the heat-set temperature was 120°C. 



15 



Tear Strength: 



Elongation at break: 



0.7 daN (TD) 
111%(MD) 
220% (TD) 
464 mN (MD) 
352 mN (TD) 



Example 3 
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20 

D is a divalent radical remaining after removal of hydroxyl groups from a diol having a 
molecular weight less than about 250; 

wherein said copolyetherester(s) contain from about 25 to about 80 weight percent short- 
chain ester units. 

5 

5. A film according to claim 1 wherein said copolyetheresters(s) have a moisture 
vapour transmission rate (MVTR) of at least about 2500 gm.mil/m 2 /24hrs according to 
ASTM E96-66 (Procedure BW). 

10 6. A waterproof moisture vapour permeable fabric comprising a substrate and an 
oriented polymeric film according to claim 1 . 

7. A fabric according to claim 6 wherein the substrate is a woven or knit material 
comprising polyester or nylon. 

15 

8. A fabric according to claim 6 further comprising an adhesive or primer layer or 
coating between the substrate and copolyetherester-containing film. 

9. A fabric according to claim 8 wherein the adhesive or primer is a polyurethane- 
20 based adhesive. 

10. A process for the preparation of a fabric according to claim 6 comprising the steps 
of forming an oriented film comprising one or more copolyetherester(s) by extruding the 
copolyetherester(s), quenching the extrudate, stretching the quenched extrudate and 

25 optionally heat-setting the oriented film, and laminating the oriented film to a pre-formed 
substrate. 



30 



11. An oriented polymeric film comprising one or more copolyetherester(s) wherein 
the film is oriented in at least one direction and has a set value less than a corresponding 
unoriented polymeric film. 
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Tl Lining with functional layer used in robust, lightweight weatherproof coat 
- has laminated functional layer contg. microporous membrane based on 
PTFE, polyester, polyurethane, co polyether-amide or co polyether-ester of 
polyglycol and lower glycol. 

DC A14 A23 A25 A83 F07 P21 P73 

PA (ALKU) AKZO NOBEL NV 

CYC 1 

PI DE 29607822 U1 19970417 (199720)* 21p<- 

ADT DE 29607822 U1 DE 1996-29607822 19960430 

PRAI DE 1996-29607822 19960430 

AN 1997-214270 [20] WPIX 

AB DE 29607822 U UPAB: 19970516 

The lining, which can be attached to the inside of a coat, has a 
functional layer. Also claimed is a high-quality weatherproof outer 
clothing combination of an outer coat, pref. with sleeves, and this 
lining. 

ADVANTAGE - The coat can withstand any weather conditions, is 
lightweight and robust and is elegant. The functional layer is permeable 
to water vapour . 
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